INTRODUCTION {#s1}
============

Immunotherapy has revolutionized therapy for metastatic cancer. Immune checkpoint inhibitors (ICIs) such as programed cell death protein-1 (PD-1) and cytotoxic T-lymphocyte antigen-4 (CTLA-4) inhibitors are the most commonly used treatments. T cells have a PD-1 and checkpoint protein, which function as an "on-off switch" by binding PD-1 to prevent them from attacking the body\'s own cells; CTLA-4 functions similarly in regulating the T cell function. Certain tumor cells, however, upregulate PD-1, thereby allowing them to evade immune targeting and proliferate freely.

Increased use of ICIs has also increased the incidence of immune-related adverse events (IRAEs). These manifest variably as organ dysfunction of the skin, gastrointestinal (GI) tract, lungs, liver, or endocrine organs.^[@R1]^ Enterocolitis is common and manifests as abdominal pain, nausea, and diarrhea. In certain cases, it may mimic inflammatory bowel disease (IBD). Symptoms can be mild or can cause significant morbidity and mortality in patients with perforation or sepsis.^[@R2]^ We discuss a rare case of an IRAE simultaneously involving the upper and lower GI tract during therapy with the PD-1 inhibitor nivolumab for metastatic lung adenocarcinoma.

CASE REPORT {#s2}
===========

A 78-year-old man diagnosed with metastatic adenocarcinoma of the lung in 2015 was treated with nivolumab immunotherapy and hemicolectomy. In 2016, he developed increased bloating, diarrhea, and loss of appetite. An initial workup was negative for infectious etiology, and abdominal x-ray did not demonstrate obstruction. Esophogastroduodenoscopy revealed low-grade distal esophagitis resembling Barrett\'s esophagus and antral gastritis (Figure [1](#F1){ref-type="fig"}). Biopsy of the esophagus revealed microabscess formation, intestinal metaplasia, and keratin pearl formation, whereas gastric lesions showed marked transmural inflammation, cryptitis, and dysplasia (Figure [2](#F2){ref-type="fig"}). Colonoscopy revealed ulcers of the terminal ileum and hemorrhage with biopsy revealing transmural acute and chronic inflammation, skip lesions, and acute cryptitis (Figure [3](#F3){ref-type="fig"}). Although these findings mimic IBD, this patient had no evidence of bowel inflammation on colonoscopy in 2014 and no known history of IBD, gastroesophageal reflux disease, or gastritis. A presumptive diagnosis of IRAE secondary to nivolumab was made, and symptoms resolved with the withdrawal of nivolumab for 6 weeks and prednisone therapy. Nivolumab therapy was subsequently restarted without any recurrence of IRAE, and repeat colonoscopy did not reveal any abnormalities.

![Esophagus after 1 year of nivolumab: (A) endoscopic image showing Barrett\'s esophagus (arrows) and (B) biopsy with hematoxylin and eosin staining showing microabscess formation (arrows).](ac9-6-e00249-g001){#F1}

![Abdomen after 1 year of nivolumab: (A) endoscopic image showing antral gastritis (arrow) and (B) biopsy with hematoxylin and eosin staining showing transmural acute and chronic inflammation (arrow).](ac9-6-e00249-g002){#F2}

![Colon after 1 year of nivolumab: (A) endoscopic image showing ulcers (arrow) and (B) biopsy with hematoxylin and eosin staining transmural acute and chronic inflammation (arrow) with acute cryptitis (arrowheads).](ac9-6-e00249-g003){#F3}

DISCUSSION {#s3}
==========

IRAEs occur with ICI treatment because of systemic activation of the immune system and resulting organ damage. They represent an important class of adverse events with cancer therapy which are associated with poorer overall survival.^[@R1],[@R2]^ The most common presentations of PD-1 inhibitors include rash, diarrhea, hypothyroidism, and pneumonitis, and these occur more often and severely with higher doses and combination anti-PD-1/CTLA-4 therapy.^[@R3]^ Enterocolitis ranges in severity from simple diarrhea to bowel necrosis and perforation.^[@R3],[@R4]^ IRAEs of the upper GI tract similarly range in severity from nausea and vomiting to esophagitis, gastritis, and oral mucositis.^[@R3],[@R5],[@R6]^ Although less common, the upper GI involvement may be more specific to PD-1 inhibitors.^[@R8]--[@R10]^

PD-1 inhibitors tend to have a lower frequency of overall and GI IRAEs than CTLA-4 inhibitors.^[@R2]--[@R4],[@R7]^ It is hypothesized that CTLA-4 inhibitors upregulate early CD4+ T-cell activation in the lymph nodes, causing generalized immune activation. On the other hand, PLD-1 inhibitors target late T-cell proliferation and thus are able to generate a more localized immune response in the tumor microenvironment.^[@R8]^

Nivolumab-associated colitis (NAC) displays histologic and endoscopic features of ulcerative colitis, including contiguous inflammation, ulceration, and cryptitis with crypt abscesses.^[@R9],[@R10]^ This case displayed mixed features of both Crohn disease (terminal ileum ulcers, transmural inflammation, and "skip lesions") and UC (cryptitis and crypt abscess). Previous case reports of IR-gastritis reported ulceration and hemorrhage.^[@R4],[@R7],[@R11]^ Histologically, both IBD and NAC exhibit neutrophilic and lymphocytic infiltration of the lamina propria, mucosal erosion, dysplasia, and apoptosis.^[@R4],[@R10]--[@R12]^ Of note, 2 patients with UC in remission and NAC, histologic examination of the colon showed a pattern of acute colitis distinct from their previous IBD flare-ups, suggesting unique pathophysiology of NAC from IBD.

Current risk factors for NAC include cancer type (melanoma vs lung and renal cell carcinoma), increasing dose and combination ICI therapy, and baseline gut biome profiles.^[@R13]^ It appears that previous IBD increases the risk of colitis, but these data are scarce.^[@R3],[@R9]^

The relationship between immunotherapy and the gut microbiome is also being explored for treatment and susceptibility to IRAE. Impairment of baseline anergy to enteric flora (from PD-1/CTLA-4 blockade), inflammation, and eosinophilia is observed with ICI therapy.^[@R3],[@R4],[@R9]^ A study of ipilimumab therapy for melanoma demonstrated lower titers of classic IBD antibodies such as p-ANCA in patients with IRAE colitis.^[@R14]^ Fecal calprotectin and serum antimicrobial titers similarly were not elevated in a pattern consistent with classic IBD. Thus, although IBD and IRAE both involve dysbiosis, their mechanisms appear to be unique.

Collins et al studied 20 patients who were confirmed as GI IRAE related to anti-PD-1, which occurred 4.2 months after the initiation of anti-PD-1.^[@R15]^ Four patients had inflammation of the upper GI tract (nivolumab \[n = 2\] and pembrolizumab \[n = 2\]). Upper GI endoscopy showed necrotic gastritis with poor gastric distensibility in 2 of 4 patients, gastric erythema and normal endoscopy in 1 of 4 each. Colonoscopy was either normal (3/4) or showed patchy colonic erythema (1/4). Ileum was normal in all 4 patients. Gastric biopsies of the 2 patients with ulcerative and necrotic gastritis showed large necrosis of the epithelium and an inflammatory infiltrate with neutrophils and lymphocytes. Duodenal biopsies were taken in 3 of 4 patients with upper GI symptoms and showed partial villus blunting, intraepithelial lymphocytosis (\>30/100 enterocytes; n = 2) and lymphocytic and plasma cell infiltration of the lamina propria (n = 2). The 3 patients with normal colonoscopies had normal colonic biopsies; the patient with colonic erythema had a lamina propria infiltration with lymphocytes and neutrophils.

In addition, the study mentioned that in patients with a predominating colonic inflammation, gastric and duodenal inflammation was identified, particularly intraepithelial CD8 lymphocytosis.^[@R15]^ Anti-PD1 seems to induce widespread GI inflammation, but the clinical presentation might differ between patients according to the organ predominantly affected, colon or upper GI tract. The clinical presentation of GI IRAE may result from the nature of the local antigen and its corresponding TCRbecause it has been described in a nivolumab-related myocarditis case.^[@R16]^

Our case showed a severe form of concomitant Barrett\'s esophagus, transmural gastritis, and transmural enterocolitis resolved by withholding nivolumab and infusing corticosteroid. Although a previous study described the possibility of having widespread GI inflammation with differences based on the predominantly involved organ, the presentation, in this case, is unique because of the severity and the concomitant Barrett\'s esophagitis, transmural gastritis, and transmural and skipped enterocolitis lesions. This side effect could be explained as a mimicker of Crohn-like features, but there are data, suggesting that the mechanism is unique to immunotherapy and further studies are required to characterize it.

Treatment of IRAE should be started promptly after ruling out other diagnosis such as infection and performing endoscopy. Gastritis requires additional evaluation for *Helicobacter pylori* and high-dose proton pump inhibitor therapy. Initial therapy primarily consists of intravenous corticosteroids and hydration. More severe cases require immunosuppressive agents such as mesalamine or infliximab or cessation of immunotherapy.^[@R1]--[@R3],[@R9],[@R11]^ A high index of suspicion for IRAEs should be maintained in any patient who has received immunotherapy because of the delayed onset of IRAEs. This patient was successfully treated with temporary cessation of therapy and corticosteroids. In general, GI IRAEs are reversible and responsive to therapy.

Future research aims to further uncover the pathophysiology of potential biomarkers for IRAE which may be used to modify treatment and develop personalized drug regimens. Better histologic characterization specific to IRAEs is warranted to improve diagnostic accuracy, especially for cases where the temporal relationship to cancer therapy is less apparent.
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